The preparation of stable formolized sheep cells coated with thyroglobulin and their use for the detection of auto-antibodies in human thyroiditis is described. This provides an easy laboratory test which gives results closely comparable with those using fresh tanned cells.
The detection of antibody by agglutination of tannicacid-treated red cells coated with antigen (Boyden, 1951) was first applied to the study of thyroid autoimmunity in animals by Witebsky and Rose (1956) ; it was shown that the serum of rabbits immunized with autologous or homologous thyroid extracts would agglutinate tanned cells coated withthe thyroid antigen, often to a high titre. Following the demonstration of thyroid auto-antibodies in the serum of patients with Hashimoto's thyroiditis a number of studies have been reported in which the tanned cell method was applied to the detection of auto-antibodies in human thyroid diseases Paine, Terplan, Rose, Witebsky, and Egan, 1957; Roitt and Doniach, 1958; Owen and Smart, 1958; Blizzard, Hamwi, Skillman, and Wheeler, 1959; Cline, Selenkow, and Brooke, 1959) . The antigen responsible for the agglutination of tanned coated cells with thyroiditis sera was shown to be thyroglobulin which also gives rise to the precipitin reaction in agar gel. The tanned red cell agglutination test is of the order of 1,000 times more sensitive than the precipitin reaction, and although a positive result of low titre is not diagnostic of Hashimoto's disease, the test has proved interesting and useful in the investigation of all types of thyroid disease and theoretical problems associated with auto-immunity.
Received for publication 10 April 1961.
The preparation of fresh tanned coated cells is time-consuming and therefore inconvenient for use in the routine laboratory. This difficulty has now been overcome by treating these cells with formalin to give preparations which agglutinate specifically yet are stable for many months on storage at 40C. Fulthorpe (1957) previously used this technique successfully for preserving cells coated with tetanus toxoid.
PREPARATION OF FORMOLIZED THYROGLOBULIN-COATED SHEEP CELLS
REAGENTS The following were made up:-1 Phosphate buffer pH 7-2 Anhyd. KH2PO4, 12-2 g. anhyd. Na2HPO4, 40 4 g., and NaCl, 36-0 g. are dissolved in distilled water and made up to 5 litres.
2 Borate-succinate buffer, 0OSM, pH 7 5 Add succinic acid solution, 5 9 g./litre (Na2B407 10H 0; 19g./ litre) to 3 litr-s of borax solution until the pH is 7-5. Nearly 3 litres is required for this. NaCI is added to 0-75%. Add normal horse serum which has previously been heated to 56°C. for 30 min. to a final concentration of 1%.
3 Tannicacidsolution, 1:20,000 Tannic acid, 12-5 mg. (Hopkin & Williams or Merck reagent grade products were used) dissolved in 250 ml. phosphate buffer pH 7-2 is freshly prepared before use. 4 Human thyroglobulin solution Freeze-dried thyroglobulin (prepared by the method of Derrien, Michel, 654 and Roche, 1948) , 0 5 g., is dissolved in 250 ml. phosphate buffer pH 7-2.
5 Formalin (40% formaldehyde).
PREPARATION OF PRESERVED TANNED CELLS
1 Sufficient fresh sheep cells to give a packed cell volume of 10 ml. are washed three times with physiological saline and made up to 250 ml. in phosphate bufferpH 7-2.
2 The cell suspension and 250 ml. of tannic acid solution are warmed separately to 370 C. and then combined and incubated in a water bath at 37°C. with occasional mixing for 15 minutes.
3 The tanned cells are gently centrifuged (six minutes at 2,000 r.p.m.) and suspended in 500 ml. of phosphate buffer. The suspension is divided into two equal portions (ultimately to become the test and control cells) and the tanned cells are spun down.
4 The first batch of cells is re-suspended in 250 ml. phosphate buffer and 250 ml. of human thyroglobulin solution is added. The mixture is incubated with occasional mixing for 30 minutes at 37°C.
5 The coated cells are gently centrifuged, washed twice with phosphate buffer, and suspended in 500 ml. of the borate-succinate buffer pH 7-5.
The second portion of cells is suspended in boratesuccinate buffer without coating and used for absorption of the sera before the test and as control cells in the test.
6 Both cell suspensions are stirred mechanically and 50 ml. of formalin is added to each batch slowly over a period of 20 to 30 min. (slow addition avoids haemolysis).
7 After standing for 18 hr. at 4°C., a further 50 ml. of formalin is added.
8 When the cells have settled and adhere to the bottom of the container, i.e., after one to three days, the supernatant is poured off and is replaced with fresh boratesuccinate buffer; the cells are re-suspended by vigorous shaking. They are again allowed to settle and washing is repeated once more. 9 Finally both batches of cells are diluted to give a 1 % suspension in borate-succinate buffer; 0-2 % formalin is added to the final 1 % suspension as a preservative.
10 The cells are stored at 2 to 5°C. and must be shaken very thoroughly before use to provide a uniform suspension. AGGLUTINATION excess of 11 3 thyroglobulin was mixed with the serum and a rabbit anti-human-y-globulin serum added to precipitate the immune complexes (Roitt and Doniach, 1959) . The radio-activity of the washed precipitate provided a measure of the antibody content of the original serum, the method being calibrated against sera having known antibody concentrations determined by the Heidelberger and Kendall (1935) point was read the following day. After preliminary titration using 0 5 ml. of 10-fold dilutions of serum, the test was repeated using two-fold dilutions over the appropriate range, i.e., between the last tube showing full agglutination and the first tube showing a clear negative. Further accuracy can be obtained using serum dilutions differing by 20%. The amount of antibody contained in the calculated volume of undiluted serum which would give clear-cut agglutination when mixed with 1 ,Ag. of thyroglobulin is defined as 1 milliunit of antithyroglobulin. The test is always carried out at a constant thyroglobulin level since it has been found that there is no linear relationship between the inhibiting dose of antigen and the dilution of a given serum. This is illustrated in the Table. The phenomenon has also been observed in haemagglutination inhibition tests using tetanus toxin-antitoxin mixtures (Fulthorpe, 1958) . separately or in combination with anti-thyroglobulin. The most studied of these is the complement-fixing antibody against the microsomal antigen of thyroid epithelial cells (Trotter, Belyavin, and Waddams, 1957; Roitt and Doniach, 1958; Belyavin and Trotter, 1959; Anderson, Goudie and Gray, 1959) . The complement-fixation test using thyrotoxic gland extracts as antigen is best carried out concurrently with the tanned red cell agglutination test for routine purposes; when the two tests are combined, one experienced technician can comfortably examine 40 sera in one day. The tanned red cell agglutination test is put up in dilutions as described above, but for the complement-fixation test the sera are first screened at 1 in 4 and I in 20 dilutions, in similar perspex trays. All positives are then put up again in serial dilutions from 1 in 4 to 1 in 512 against thyrotoxic thyroid and human liver to determine whether the antibodies are specific for the thyroid gland. Sera giving tanned red cell agglutination of over 2,500 are also set up in Ouchterlony gel plates for the precipitin test. Using these three tests, (Balfour, Doniach, Roitt, and Couchman, 1961) . The fluorescent test is also the most sensitive and specific for the microsomal (CF) antibodies which give cytoplasmic staining in frozen unfixed thyroid sections. Although the fluorescent antibody technique is perhaps too complicated and laborious to be used in routine laboratories, most Hashimoto cases can now be diagnosed by the three simpler tests since even low titre antibodies may be significant if tanned red cell and complement-fixation tests are positive together or if the patient has raised flocculation values.
DIFFERENTIATION OF THYROIDITIS FROM NON-TOXIC-
NODULAR GOITRES With regard to distinguishing colloid non-toxic goitres from Hashimoto's disease in the absence of impaired thyroid function the tanned cell test is not diagnostic in titres under 250 000 unless precipitins are also positive. A small amount of antibody may occasionally give a high agglutination titre as can be seen in Fig. 2A . This is not necessarily associated with significant lymphoid changes in the thyroid gland. It is not known whether this implies that some patients may be immunized against thyroglobulin without having any lymphadenoid invasion of the gland. This is a possibility, since animals immunized with alum-precipitated homologous thyroglobulin usually have circulating antibodies but rarely show destructive lesions of the thyroid. (Hill, 1961) up to 30% (Hackett, Beech, and Forbes, 1960; Mackay and Perry, 1960) Early Hashimoto's disease may sometimes simulate mild thyrotoxicosis in that patients complain of nervousness and palpitations. These cases can be distinguished from true Graves' disease by the fact that their 1J3i uptake can be suppressed with triiodothyronine (120 ,ug. daily for 10 days) and also because they fail to improve when given antithyroid drugs. The tanned red cell test may be completely negative and only complement-fixing antibodies, sometimes to high titres, and anti-CA2 are present.
It may be that acinar destruction due to as yet unknown factors releases metabolically active iodinated proteins which remain in the circulation in the absence of antibodies to remove and inactivate them 
